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Xenopus ADAM19 is critical for neural and muscle development
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Dominique Alfandari
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Massachusetts, Amherst, MA, USA
ADAM19 is a member of the meltrin subfamily of ADAM metallo-
proteases. ADAM19 is transmitted as a maternal transcript with zygotic
expression beginning in the dorsal blastopore lip at gastrula stage.
ADAM19 mRNA expression increases through neurulation and tailbud
formation, becomingenriched in dorsal neural andmesodermal derived
structures. UsingMorpholino knock down, we show that a reduction of
ADAM19 protein in gastrula stage embryos results in a decrease of
Brachyury expression in the notochord concomitant with an increase in
the dorsal markers, Goosecoid and Chordin. These changes in gene
expression occur while the blastopore closes at the same rate as the
control embryos. During neurulation and tailbud formation, ADAM19
knock down reduces the expression of the neural markers N-tubulin
andNRP1 but not Sox2. In the somiticmesoderm, the expression ofMLC
is also decreased while MyoD is not. ADAM19 knock down also reduces
ADAM11 and Twist, two markers of the cranial neural crest cells. Using
targeted microinjection, we show that the reduction of neural and
neural crest markers is a direct result of ADAM19 knock down in these
tissues and not a secondary effect of perturbing the dorsal mesoderm
patterning. Thus ADAM19 appears to control the speciﬁcation ofmuscle,
neurons and cranial neural crest cells.
doi:10.1016/j.ydbio.2008.05.161
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Maintaining the balance: Regulation of Cadherin-11 by ADAM13
during cranial neural crest migration in Xenopus laevis
Catherine D. McCusker, R.D. Neuner, H. Cousin, D. Alfandari
University of Massachusetts, Amherst, MA, USA
The Cranial Neural Crest (CNC) is a transient population of cells that
undergo a large-scalemigration imperative to craniofacial development.
Cell adhesion molecules such as members of the Cadherin superfamily
are essential for this process. Cadherin-11, a “mesenchymal” cadherin, is
expressed throughout CNCmigration in Xenopus laevis. While toomuch
of this cell adhesion molecule predictably blocks migration, too little of
this molecule has a similar effect. This observation suggests that
Cadherin-11 protein levels are tightly regulated on the surface of the
migrating cells. Our ﬁndings show that Cadherin-11 is cleaved during
Xenopus CNC migration, and that ADAMs (A Disintegrin And Metallo-
protease) from the meltrin subfamily are responsible for this event.
ADAM13 is the most likely ADAM to cleave Cadherin-11 during CNC
migration because its expression is restricted to the CNCand it associates
with Cadherin-11 in vivo. Our results suggest that ADAM13 regulation of
Cadherin-11 plays a crucial role in CNC migration since blocking
ADAM13 activity inhibits both Cadherin-11 cleavage and CNCmigration.
Additionally, ADAM13 overexpression rescues CNC migration in
embryos also overexpressing Cadherin-11.We have also found that the
extracellular cleavage fragmentof Cadherin-11 retains biological activity
and promotes CNC migration, most likely by binding to full-length
Cadherin-11 molecules to decrease cell adhesion. And lastly, unlike
ADAM10 cleavage of N-Cadherin and E-Cadherin, ADAM13 cleavage of
Cadherin-11 does not affect its interaction with beta-catenin, nor
promote downstream signaling through this molecule.
doi:10.1016/j.ydbio.2008.05.162
Program/Abstract # 151
ADAM metalloprotease control of cell speciﬁcation and cell
migration during early embryogenesis
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The control of cell adhesion and motility are two key elements
that regulate morphogenetic movements. ADAMs (protein contain-
ing A Disintegrin And Metalloprotease) are cell surface metallopro-
teases that have been linked to both cell signaling and cell motility.
While studies of ADAM signaling have identiﬁed many substrates
including EGF ligands, Notch and Ephrins, the control of cell motility
is less well understood. We have cloned ADAM9, 13 and 19 to study
their function during early embryogenesis. Using combinations of
grafts, live cell imaging, and molecular approaches, we show that
ADAM13 is involved in cranial neural crest cell migration by
cleaving Cadherin-11. The cleavage of Cadherin-11 releases the
homophilic binding site that in turn can stimulate cell migration.
The remaining transmembrane region can still bind to β-catenin,
prevent its translocation to the nuclei to induce gene expression,
and in effect regulate the Wnt/β-catenin signaling. In the absence of
ADAM13, ADAM9 protein level increases and together with ADAM19
these proteases can compensate for the loss of ADAM13 to promote
CNC migration. While ADAM13 and 19 are very similar in structure,
ADAM19 function appears to be mostly in cell speciﬁcation.
ADAM19 is essential for dorsal mesoderm patterning during
gastrulation and later during tailbud formation. In addition,
ADAM19 expression in the ectoderm is critical for proper neuronal
and neural crest cell induction. This function is not shared and is not
compensated by ADAM13. Thus, the Xenopus system allows us to
precisely dissect and visualize ADAM protein function during
morphogenesis.
doi:10.1016/j.ydbio.2008.05.163
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Characterization of a new factor in the non-canonical Wnt
signaling
Wei Liu a, Deepak Khadka a, Akira Sato a, Ritu Bharti a,
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The Wnt signaling pathway has crucial roles in a variety of
developmental processes. The non-canonical Wnt pathway involves
regulation of the cell polarity and motility. But the signaling process
from stimulation in plasma membrane to regulation in actin
cytoskeleton remains to be explored. Our lab has previously identiﬁed
the Formin homology protein, Daam1, which mediates Wnt-induced
cytoskeletal changes but how Daam1 accomplishes this remains
unknown. In a screen for effectors of Daam1, we have identiﬁed the
protein “Missing InMetastasis” orMIM as amajor interactor of Daam1.
Through co-immunoprecipitation experiment, we found that the
association of Daam1 and MIM is positively regulated by Wnt
signaling. The co-localization of endogenous Damm1 and MIM was
revealed by immunoﬂuorescence experiment. We have also shown
that overexpression of MIM will cause the disassembly of stress ﬁbers
and induce actin-rich protrusions. The depletion of endogenous MIM
in Xenopus by a Morpholino speciﬁcally induces anterior neural tube
closure defects. Our results taken together suggest that MIM is a factor
downstream of Daam1 in the non-canonical Wnt pathway that
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controls Wnt-mediated cytoskeletal reorganization during vertebrate
gastrulation.
doi:10.1016/j.ydbio.2008.05.164
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δ-Catenin regulates Xenopus developmental morphogenesis
Dongmin Gu a, Amy K. Sater c, Hong Ji a, Melissa Clark d, Sabrina A.
Stratton a, Michelle C. Barton a, Qun Lu, Pierre D. McCrea a
a Department of Biochemistry and Molecular Biology, UT MD Anderson
Cancer Center, Houston, TX, USA
b Program in Genes and Development, UT GSBS, Houston, TX, USA
c Department of Biology and Biochemistry, University of Houston,
Houston, TX, USA
d Department of Anatomy and Cell Biology, East Carolina University,
Greenville, NC, USA
Catenins of the p120 sub-class display an array of intracellular
localizations and functions. While the genetic knock-out of mouse δ-
catenin resulted in mild cognitive dysfunctions and aberrant neuronal
dendritic forms, we report severe effects upon its depletion in Xeno-
pus. We ﬁnd that Xenopus δ-catenin is transcribed as a full-length
mRNA, or as three (or more) alternatively spliced isoforms. Further
structural and functional complexity is suggested by three predicted
and alternative translation initiation sites. Unlike the primarily neural
expression of δ-catenin reported in mammals, Xenopus δ-catenin is
detectable in most adult Xenopus tissues, although enriched in neural
structures. To characterize δ-catenin's functions in amphibian devel-
opment, we employed anti-sensemorpholinos targeted to inhibit pre-
RNA splicing events. δ-catenin knock-down leads to developmental
defects in gastrulation and neural crest migration, phenotypes that
were speciﬁc based upon self-rescue experiments. Biochemical assays
indicated that δ-catenin depletion results in reduced C-cadherin levels
as well as activation of RhoA. Indeed, titrated doses of C-cadherin or
dominant-negative RhoA signiﬁcantly rescued δ-catenin depletion.
Collectively, our experiments indicate that δ-catenin plays an essential
role in amphibian development, with contributing functional links to
cadherins and Rho family GTPases.
doi:10.1016/j.ydbio.2008.05.165
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Heterotaxin: A novel pyridine compound that perturbs left–right
asymmetric organ morphogenesis
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Proper orientation of internal organ situs is dependent on correct
interpretation of left–right asymmetric cues by developing primordia.
To investigate the molecular mechanisms of asymmetric organ
morphogenesis, we employed a phenotype-based chemical genetic
screen in embryos of the frog Xenopus laevis, which develop organ
asymmetries analogous to higher vertebrates. In a pilot screen of 44
natural product-like compounds, synthesized and screened as
mixtures of regioisomers, one compound mixture speciﬁcally
reversed or isomerized the asymmetry of the heart and gut without
affecting other aspects of development. Puriﬁcation and rescreening
of the individual components of this mixture revealed a single active
pyridine compound, which we termed “Heterotaxin”. The effect of
Heterotaxin on organ situs is both dose- and stage-dependent, and
occurs with high penetrance. Heterotaxin-treated embryos have
either unilateral left, unilateral right, bilateral or absent Pitx2
expression in the lateral plate mesoderm, suggesting that global
left–right asymmetry is randomized by Heterotaxin. In contrast to
control embryos, which have a well-deﬁned, polarized intestinal
epithelium, Heterotaxin-treated embryos have cohesive masses of
disorganized, rounded cells protruding into the gut lumen, suggesting
that epithelial morphogenesis is involved in the generation of
digestive organ asymmetry. The discovery of Heterotaxin thus
provides a novel tool to uncover the etiology of heterotaxia, and
underscores the utility of a chemical genetic approach to organ
morphogenesis.
doi:10.1016/j.ydbio.2008.05.166
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Basolumenal endoderm intercalation: A geometrically unique
execution of convergent extension during gut tube elongation
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The vertebrate gut tube undergoes dramatic elongation and
rotation, but the morphogenetic mechanisms underlying these
topological transformations are poorly understood. We found that
endoderm cells in the late stage Xenopus embryo adopt a fusiform
bipolar morphology andmediolateral orientation, reminiscent of axial
mesoderm cells undergoing convergent extension in the gastrula.
However, the endoderm cells rearrange in the unique three-dimen-
sional context of the gut tube cylinder and appear to be “captured” as
monopolar types at both the basement membrane and expanding
central lumen, gradually reorienting themselves to radially-arranged
basolumenal “spokes”. The novel geometry of these endoderm cell
rearrangements accomplishes gut elongation, provides a morphoge-
netic mechanism for generating curvature and rotation, and ulti-
mately facilitates the development of themature digestive epithelium.
Moreover, gut-speciﬁc expression of a dominant negative mutant
version of RhoA, or exposure of embryos to small-molecule inhibitors
of Rho kinase and myosin II, perturbs the cell shape and adhesion
patterns necessary for endoderm intercalation, and concomitantly
induces severe defects in gut tube elongation, intestinal rotation and
epithelial morphogenesis. These results provide insight into the
etiology of human digestive deformities, and suggest that the
morphogenetic events driving gut elongation via endoderm inter-
calation are surprisingly analogous to the mechanisms directing axial
elongation in gastrulating mesoderm.
doi:10.1016/j.ydbio.2008.05.167
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Stiffening of the vertebrate embryo during axis elongation
depends on actomyosin contractility
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